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1. Introduction

1.1 Intravascular ultrasound (IVUS) and clinical applications

Atherosclerosis is a chronic disease potentially involving the whole vascular system that
causes a spectrum of clinical manifestations ranging from stable angina to acute myocardial
infarction or stroke. The continuous accumulation of lipids, inflammatory and/or fibrous
elements in the arterial wall leads to progressive lumen narrowing. Acute coronary
syndromes (acute myocardial infarction, unstable angina) have a complex and dynamic
pathogenesis with coronary plaque rupture. Some plaques lead to clinical events whereas
many others remain asymptomatic for life, different imaging modalities have been applied
to define the atherosclerotic burden and the anatomical characteristics of unstable or
vulnerable lesions.

The vascular response to endothelial dysfonction is a well-orchestrated inflammatory response
triggered by the accumulation of macrophages within the vessel wall. The formation of such
vulnerable plaques prone to rupture underlies the majority of cases of acute myocardial
infarction. The complex molecular and cellular inflammatory cascade is orchestrated by the
recruitment of T lymphocytes and macrophages and their paracrine effects on endothelial and
smooth muscle cells (1). Molecular imaging in atherosclerosis has evolved into an important
clinical and research tool that allows in vivo visualization of inflammation and other biological
processes. Several recent examples demonstrate the ability to detect high-risk plaques in
patients, and assess the effects of pharmacotherapeutics in atherosclerosis (2).

Intravascular ultrasound (IVUS) performed with an ultrasound machine that has been
especially adapted to intravascular imaging. The machine can be permanently affixed in the
catheterization lab or can be portable and moved from one catheterization room to another as
needed. The IVUS catheter is attached to the ultrasound machine through an interface that
ensures sterility of the catheter. Intravascular ultrasound is an exciting technology that allows
in-vivo visualization of vascular anatomy by utilizing a miniature transducer. The IVUS
catheter can be advanced into different vascular structures including peripheral arteries,
coronary arteries, and intracardiac chambers. Intracoronary ultrasound has become
particularly useful in further delineating plaque morphology and distribution, and providing
a rationale to guide transcatheter coronary interventions (3). The reflected ultrasound from the
intima is displayed as a single concentric echo. All of the ultrasound, however, is not reflected
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by the intima; some will penetrate through to the media. Since the media is composed
primarily of homogeneous smooth muscle cells, ultrasound passes through with minimal
reflection and appears as a dark zone devoid of echoes. The adventitia, is highly reflective
because it has numerous collagen fibers laid down in parallel, thereby producing multiple
interfaces from which to reflect sound. The adventitia will appear very bright. As a result, the
normal coronary anatomy produces alternating bright and dark echoes:

1-A bright echo from the intima, 2-A dark zone from the media, 3-Multiple bright echoes
from the adventitia

This pattern is called the normal "three layer appearance" of a coronary artery (4). The three-
layer appearance is actually a simplified view since the IVUS resolution (approximately 120
microns) is not sufficient to detect the truly nondiseased intima (one or two cell layers thick
or approximately 50 microns). The tomographic cross-sectional view of the artery is ideal to
discern concentric from eccentric plaque distribution. This feature makes IVUS far more
accurate than angiography for assessing plaque eccentricity (3). Because of the limitations of
angiography, hazy angiographic sites could represent an irregular plaque/distorted lumen,
a napkin-ring lesion, thrombus, or a dissection. IVUS is particularly useful in this situation
because it immediately distinguishes between plaque and lumen irregularities, dissection, or
discrete stenosis (5).

IVUS has also demonstrated that apparently normal areas by angiography are often
markedly abnormal. One of the areas that IVUS can be useful is Slow coronary flow (SCF).
Slow coronary flow is characterized with the late opacification of the epicardial coronary
arteries without occlusive disease (6,7). It was first described by Tambe et al. in 1972 (10). In
1973, Kemp et al. suggested it to be a variant of “syndrome X” (11). However, SCF differs in
a distinct manner in which is a phenomenon characterized by delayed opacification of
epicardial coronary arteries in the absence of epicardial occlusive disease. The exact
etiology, pathogenesis and long term outcome of SCF patients is still unknown. Endothelial
and vasomotor dysfunction, microvascular dysfunction, and occlusive disease of small
coronary arteries were suggested in its etiology (8-17). The carotid artery intima-media
thickness (CIMT) is the best known sonographic marker for early atherosclerotic vascular
wall lesions (18). Previous cross-sectional studies in different populations have shown that,
increase in CIMT is associated with cardiovascular event prevalence (19-25). Additionally,
CIMT increase was strongly and significantly correlated with myocardial infarction and
stroke incidence (26). Angiography depicts only 2D silhouette of the lumen, whereas IVUS
allows tomographic assessment of lumen area, plaque size, distribution, and composition. In
young subjects, normal intimal thickness is typical 0.15 mm (27). Intravascular ultrasound
(IVUS) can detect intimal thickening of the coronary arteries and is suitable for detection of
early atherosclerosis that cannot be detected by conventional angiography (28-30).

In additon Intravascular ultrasound (IVUS) is useful during stent implantation to assess
lesion severity, length, and morphology before stent implantation; to optimize stent
expansion, extension, and apposition; and to identify and treat possible complications after
stent implantation (31). Most of the evidence from the era of bare-metal stents indicates that
IVUS guidance offers incremental information leading to lower rates of angiographic
restenosis and repeat revascularization (32). In the current era of drug-eluting stents (DES)
with ensuing low restenosis rates, the relationship between IVUS-guided DES implantation
and clinical outcomes is less well established.
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In cases of coronary dissection, IVUS can distinguish atherosclerotic plaques from
intramural hematoma and also detect the media dissection, false and true lumen and, if
present, the intimal flap. Treatment of spontaneous dissection in particular is often
especially challenging, since it commonly affects young individuals with little or no
atherosclerotic burden. Ther-apy has traditionally been guided by clinical and angiographic
findings. However, in small series of patients IVUS has been proven useful in the context of
interventional treatment (33).

There are some controversies between the results of the studies which compared the CIMT
values of SCF patients and normal subject. A previous study shows that patients with SCF
have a significantly increased carotid IMT compared with those with normal coronary flow
(34). But recent studies do not support this result (35). The investigated these values with
comparing the IVUS and TIMI frame counts. Measurements of CIMT using ultrasound
assess the extent and the severity of systemic atherosclerosis. Today, CIMT, measured with
high-resolution B-mode wultrasound, is the standard for noninvasive surrogate
measurements of atherosclerosis. It has been shown that a direct relation exits between
CIMT and clinical cardiovascular disease (19-22). Due to these data, CIMT assessment can
be used to document regression or progression of atherosclerosis (19-36) Besides, at least
two large epidemiologic studies proposed that increased CIMT values are associated
prospectively with increased risk of coronary artery disease (24,25,37). Several studies,
CIMT was significantly increased in SCF patients. This would mean the increased risk of
coronary, cerebral and peripheral vascular diseases in these patients. However these risks
are still not studied enough, and are unknown in this special group of patients. It was
shown another study diffuse or regional calcification and intimal thickening in coronary
arteries in most of the patients with SCF, despite the absence of angiographically detectable
coronary focal stenosis or plaques in them. These results suggest that epicardial coronary
arteries were affected as a part of diffuse atherosclerotic disease of all arterial system in this
specific group of patients. IVUS imaging can detect early intimal thickening, which cannot
be detected by conventional angiography (28-30,38). Some previous studies have shown the
evidence of diffuse atherosclerosis despite angiographically normal coronary arteries in
syndrome-X patients by intravascular ultrasound (28-30). Pekdemir et al. showed that most
patients with SCF had longitudinally extended massive calcification throughout the
epicardial coronary arteries. Cin et al. demonstrated that the patients with SCF had diffuse
intimal thickening, widespread calcification along the coronary vessel wall, and atheroma
which did not cause luminal irregularities in the coronary angiography (39,40). In the
present study, according to the findings of IVUS, the speculate that SCF may be a form or
preliminary phase of diffuse atherosclerotic process that involve epicardial coronary
arteries. However, in a previous study, Chilian et al. (41) have observed enhanced vasocon-
strictor response in the monkeys with atherosclerosis and they speculated that the early
pathophysiological consequences of atherosclerosis might extend into the microcirculation,
which may be another mechanism for SCF. Erdogan et al. (42) suggest that coronary flow
reserve (CFR) is impaired in patients with SCF. Impairment of endothelial function and
reduced CFR, which reflects coronary microvascular function, has been shown to be early
manifestation of atherosclerosis. Mangieri et al. (12) and Kurtoglu et al. [11] have observed
remarkable progress in restoring coronary flow when they studied dypyridamole in this
group of patients. They concluded the theory that the pathophysiology underlying this
disorder is closely related to the microvasculature and has a dynamic character. Near these
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results, some other studies have shown the evidence of diffuse epicardial atherosclerosis
despite angiographically normal coronary arteries (28-30,43). All these data, however, do
not clearly delineate the borders of this disorder neither does it imply any interaction
between micro and macrovasculature of the heart. In the present study, the correlation of
TIMI frame count and the CIMT and coronary intima-media thickness suggest the
atherosclerosis would be the pathophysiological mechanism of the disease. However, it is
impossible to conclude any suggestion about microvascular pathology. The occurrence of
myocardial ischemia was only sporadically demonstrated in these patients. It is concluded
that most of these patients continue to experience regular and/or worsening chest pain
despite reassurance that they do not have obstructed coronary arteries (44).

Prior to IVUS, only the lumen of a vessel could be visualized in vivo with angiography or
angioscopy. IVUS extends our capability to visualize and assess the size of the vessel,
should it be devoid of atherosclerotic disease. Prior to a discussion of the applications of
IVUS, it is important to appreciate the added information provided by this procedure when
compared with conventional angiography for the assessment of coronary artery disease.
Today intravascular ultrasound (IVUS) offers qualitative details on plaque composition, like
hard and soft components, that are helpful to assess unstable lesions. As a result, the
appropriate indications and clinical cases provide impotant information.
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